In this sense, they play an effective part in propagating improved breeds. Analysis of the development of insemination of French cattle breeds since 1960 shows how breeders can alter their genetic choices to meet economic needs.
The first priority of every breeder is to breed his herd, and to find a bull for this purpose. His income often depends on the success of this procedure.
Genetics are available through modern methods of reproduction which will guarantee the quality of offspring. AI and ET are powerful means for propagating both genetic improvement and the breeds which are most advantageous at a given time.
An awareness of how these techniques are employed can lead to understanding how they contribute to the spread of genetic progress.
Moreover, they are an integral part of selection programmes which lead to genetic improvement.
Bonadonna and Succi (1) have provided the latest world statistics in the AI industry. Table I shows the status of bovine AI throughout the world, except for the European Communities.
More recent data on bovine AI in EC Member States are available through the COPA-COPEGA (4) . Table II shows the position in the EC in 1988, and the relative importance of each country.
With 21.5 million inseminations, Europe represents about 20% of world activity. Table III shows the principal breeds of bulls used for AI in 1988. The two dominant dairy breeds are Holstein, with 49% of the total, and Simmental, with 15%.
There are many other dairy breeds, mainly dual-purpose (milk and meat), which are important: Red and White (Meuse-Rhine-Yssel or Rotbunte, according to the country), Normandy and Brown Swiss.
Beef breeds, often used in commercial crossbreeding, play an important role.
It is a fact that the data are often old, and their accuracy varies from country to country. Thus the USA provide statistics only for semen doses sold. It has been estimated that the number of cows inseminated annually in the world is 100 million. Table IV shows the global situation for AI in pigs, sheep and goats. Here again the data are often old and disparate. Nevertheless, they demonstrate the reliance placed on the technique in many countries (1, 5) .
Obviously, the differences observed arise from the purpose for which AI is used in the different countries. The primary purpose of AI may be either the multiplication of elite breeding males, or the breeding of females. This is certainly the case in cattle, taking France as an example.
WAYS IN WHICH ARTIFICIAL INSEMINATION IS USED
AI has become the ideal breeding method in small herds in France since the technique was first introduced just after the Second World War. Conditions were ideal for its successful application in herds where:
-there were too few cows to justify the keeping of a bull;
-AI methods were easy to carry out;
-there was need for access to disease-free sires (6).
However, breeders became quick to restrict semen production to the 'best' sires, making full use of their extraordinary capacity to produce gametes in large quantity. The introduction of frozen semen was an enormous advance which extended the use of semen in time and distance. As an immediate result it was possible to introduce modern selection programmes (9) .
Today AI is the major procedure for breeding dairy cows. In European countries between 60 and 90% of them are artificially inseminated.
In the case of beef cattle, AI is used in a quite different context: -AI sires are still used for crossbreeding with dairy cows, the offspring being fattened for slaughter; -AI is also used to produce breeding stock (sires for natural service and good replacement heifers), in which case AI has a considerable genetic impact.
The ability of a cow to produce embryos is not comparable to the ability of a bull to produce semen. It is possible for a bull to provide many tens or even many hundreds of thousands of semen doses, whereas a cow can produce only a few dozen embryos during its entire lifespan (9) .
Despite its potential to multiply genetic gains initially, embryo transfer was considered above all as a selection tool (3).
ARTIFICIAL INSEMINATION OF CATTLE:
DEVELOPMENT AND PROSPECTS
Development
The image of AI is that of an activity which has undergone perpetual change. It is interesting to examine the development of AI since 1960, taking France as an example, as shown in Fig. 1 . Statistics supplied by UNCEIA have been used (2, 5, 7) . Until 1970 there was a need to increase animal production in order for selfsufficiency to be achieved. Cattle numbers increased considerably. The increase in inseminations reflected this growth, with AI of beef breeds still occupying an important place. Production of veal calves was well developed.
In the early 1970's the livestock sector underwent considerable change. Dairy farmers started to specialize, and this led to an increase in AI for dairy breeds and a fall in AI for commercial crossbreeding. The situation of suckler beef herds, in which AI had been used, changed with the development of extensive husbandry in order to reduce production costs.
Between 1974 and 1983 the increase in dairy herd AI compensated exactly for the decrease in beef herd AI.
Since the implementation of milk quotas in 1984, there has been a 25% fall in the number of inseminations of dairy cows and a resurgence of commercial crossbreeding.
Genetic gains and advances in management have increased individual milk yields by more than 2% a year. Thus, in order to maintain the milk production of each herd within the limits authorized, dairy farmers have been forced to reduce the number of cows per herd. The poorer cows of a herd have been inseminated for crossbreeding, contributing to an intensification of the selection of dairy cows.
Lack of surveillance and difficulty of handling the animals make it difficult to conduct AI in suckling herds and have hampered the development of AI as a breeding method, despite its low cost. Consequently AI has come to be used more for spreading genetic gains acquired through selection programmes.
Prospects
Hence there is a prospect of a continued decrease in dairy herd inseminations in France, which is the result of the genetic success which AI has brought, and a recession in commercial crossbreeding in proportion to the disappearance of cows suitable for crossbreeding. There may be an increase in AI for pure beef breeds in new suckler herds, which will develop beef breeds, in addition to existing dairy herds (5).
The same trend may occur in the principal dairying countries of Europe, for breeders will attempt to maximise genetic gains while retaining their best cows and limiting the size of the herd.
EMBRYO TRANSFER
Embryo transfer (ET) passed very rapidly from the laboratory, where it was developed in the early 1970's, into routine use.
It was estimated by Thibier (10) that 200,000 embryo transfers were carried out in 1986 (see Table V ). This activity is still developing, as shown in Table VI . Certain European countries have experienced an annual growth rate of 50%, which demonstrates the technical mastery of ET, its economic value, and a growing interest among breeders in this procedure. Thibier (11) indicated that embryos were collected from about 6,000 cows in France during 1988, yielding 27,000 viable embryos (see Table VII ), and that 22,000 transfer operations were performed. Frozen, imported embryos were used in 1,600 transfers. These operations were performed surgically at a transfer centre.
An overall estimate is that 15% of ET is performed within co-operative schemes, and the rest is done at the initiative of individual breeders.
At a meeting of the European Embryo Transfer Association (EETA), Thibier (11) described the extent to which ET is used in Europe. Excluding the United Kingdom and the USSR, in countries belonging to the Association, 153,000 embryos were collected from just over 17,000 donors during 1989, 56.5% of which were suitable for transfer. Nearly 80,000 transfers were performed.
Analysis of the destination of the collected embryos shows that dairy farmers do not keep embryos long in storage. They use them as soon as possible in order to benefit from the genetic superiority of the offspring. 40-45% of embryos collected from dairy breeds are transferred in the fresh state.
By contrast, embryos from suckler breeds are stored in order to draw profit from commercial opportunities outside the herd or outside the breeding zone. Only 12.6% of these embryos are transferred in the fresh state.
Although numerically quite important and growing rapidly, this breeding technique will remain marginal for many years to come in comparison with AI. One forecast is that it will some day be possible to accomplish 100,000 transfers a year in France.
This figure is, of course, linked to the capacity for obtaining embryos from cows and to the cost of the service. It has been estimated that the additional cost per calf born is about 2,000 francs in France (this calculation does not take into account the genetic value).
The main value of ET is that it can propagate the best breeding stock, leading to immediate improvement of the genetic value of the females used. This ability can be enhanced by cloning the embryos, which involves fecundation in vitro, control of embryonic development, and transfer of nuclei from these embryos into the envelope of ordinary embryos, previously enucleated. Cloning multiplies each embryo and enhances the reproductive efficiency of each cow (3).
CONTRIBUTION OF AI AND ET TO GENETIC IMPROVEMENT
AI can contribute to the development of improved breeds, insofar as the breeding animals used for insemination have a genetic value obvious to the breeder.
This improvement is not due to the breed potentials only. In fact, the genetic difference between breeding animals of the same breed is greater than the average differences between breeds. Consequently, selection schemes have been developed for each breed, taking into account the individual value of each breeding animal. Schemes which make use of AI and ET contribute to genetic progress.
Selection schemes
To be effective, selection schemes have to fulfil a certain number of criteria:
-the objectives of selection must be clearly defined. Selected traits must be of economic value to breeders, must be measurable, and must be of known genetic determinism (heritability and genetic correlation); -candidates for selection must be those which meet the defined criteria to the greatest extent; -genetic evaluation of candidate breeding animals must be objective and precise;
-co-operative schemes should be the basis for the selection of proven sires, so that only the most valuable are used intensively for AI.
In modern selection schemes, the breeding animals are selected by combining many methods of evaluation, and by exerting selection pressure, conforming to the objectives, at each stage: -Pedigree selection: the best dams of bulls of the chosen breed are mated with the best sires of bulls, and the best male offspring of the matings are retained.
-Individual selection: breeding animals are evaluated for traits which can be measured. For example, performance testing of sires of beef breeds or dual-purpose breeds are often recorded at central testing stations.
-Selection on the basis of progeny tests: The genetic value of sires is assessed on the basis of the performance of their offspring. Progeny testing consists of obtaining a certain number of offspring (30-100 according to the traits tested), randomly and without bias, and of testing them without bias at the farm or at a testing station.
In making it possible to get a large number of progeny, AI is an indispensable tool in such schemes.
Moreover, the sires used can be chosen from among the best in the world. This is particularly evident with Holsteins, in which every scheme has used the 10-15 best bulls of the breed regardless of their country of origin (USA, Canada, Europe).
Applications of ET in selection schemes
ET can also be used effectively in selection schemes.
a) Import of genes from abroad
The only means of importing breeding stock from certain countries is to import embryos, the offspring being born in the importing country. This applies particularly when disease control regulations preclude the import of live animals (notably in the USA).
The value of this procedure in selection schemes has been mentioned already. It has been estimated that one-third of Holstein sires currently undergoing testing in France have been acquired in this way.
It may also be economically more profitable to import embryos rather than live breeding stock.
b) Selection of bull dams
The pace of genetic gain in a given breed depends on the intensity of selection of the dams of bulls. This selection pressure is normally very high, because few bulls are needed to inseminate many cows.
The selection pressure is further accentuated by ET insofar as at least one male calf is obtained from each bull dam. However, the contribution of ET to genetic improvement is greatest when the selection scheme is of low efficacy.
The advice of geneticists (8) is that not more than one male calf should be obtained from each bull dam. However, this does not apply when the selection scheme provides for the selection of individuals by performance testing for growth rate before progeny testing for milk production.
Another valuable application of ET is its use in certain selection schemes for beef breeds. To produce animals of special value for beef production, it is advisable to cumulate the superior beef potentials of the sire and of the dam in the same offspring.
Breeders which participate regularly in selection schemes do not operate in this manner, which involves the risk of calving difficulties. Moreover, such breeders do not attempt to produce animals exclusively of a beef type, because they are often seeking a balance between mothering ability (easy calving) and beef potential.
Such goals can be achieved through ET. There is no difficulty in cumulating the genetic superiority of cows and bulls having pronounced muscular development by carrying out one or more collections of embryos from the cows concerned. The embryos are implanted into females of no special value, and the offspring are then reared.
Females originating from such embryos may also be kept for breeding, becoming the background of selection nuclei.
This procedure is being used by various selection units in France for siring bulls to be used in AI, as part of a beef improvement programme.
c) Creating selection nuclei
Embryos of very high genetic value based on the performance of their ancestors can be produced by ET from females before they reproduce. These embryos, sired by bulls which are also of very high genetic value, may grow into breeding animals about one generation in advance of those produced conventionally by the same parents (8).
Thus ET makes it possible to accelerate genetic progress by shortening the generation interval. This is the principle adopted to form selection nuclei by the Multiple Ovulation and Embryo Transfer (MOET) procedure.
There are two types of nuclei (3):
Closed nuclei consist of groups of animals used for assessing the genetic value of sires, on the basis of the performance of their progeny together with their collateral relatives, rather than of their offspring alone.
The advantage of this technique, at least theoretically, is that genetic progress is more rapid than that achieved by conventional schemes, by shortening the generation interval. However, one must ensure that all the basic genetic conditions are complied with completely when establishing the selection nucleus. A disadvantage is the lack of precise knowledge of each individual breeder animal provided by the nucleus.
Open nuclei are formed by very valuable female calves, generally derived (at least in France) from imported embryos, or from matings between bull dams and the best existing sires.
Bulls produced in this way will be tested as soon as the first results, which become known when the young bull reaches sexual maturity, confirm the expectations founded on the dam. To be effective, the nucleus must be renewed rapidly, i.e. each female should be replaced, once it has provided embryos, by one of the females produced by ET at the same time as the young bulls destined for testing.
In contrast to closed nuclei, there is individual evaluation of the bulls in such open nuclei, many of which have been established already in France.
CONCLUSION
AI and ET are indispensable tools for creating and propagating genetic progress. They are currently being used routinely and on a large scale.
The results so far obtained, and those that will be obtained are spectacular. For example, it is predicted that the genetic gain of French Holstein heifers which will calve in the year 2,000 will be about 3,000 kg of milk more than that of the heifers which calved 25 years earlier (in 1975).
Precise calculations have shown that the use of proven sires of beef breeds will provide bull calves for which the profit from slaughter is 1,200-1,500 francs greater than that of unproven beef sires.
Similarly, it is known that females derived from sires proven to have mothering ability show a profit of 450 francs at each reproductive cycle (from improved fertility, easier calving and more milk).
Thus genetics plays a striking role in enhancing the income of breeders, due to the use of AI and ET. * * *
